Hereditary angioedema (HAE) with C1 inhibitor (C1-INH) deficiency (type I) or dysfunction (type II) is a genetic disorder that affects approximately 1 in 10,000--50,000 individuals.^[@B1],[@B2]^ Recurrent episodes of cutaneous or mucosal edema resulting from unregulated production of bradykinin are characteristic of this disorder.^[@B3]^ Patient surveys and reviews of hospital data indicate that these episodes impact daily activities^[@B4],[@B5]^ and can result in poor quality of life,^[@B6]--[@B8]^ depression,^[@B4],[@B8],[@B9]^ anxiety,^[@B4],[@B9]^ reduced work productivity,^[@B5],[@B8],[@B10]^ and, with more severe HAE attacks, hospitalization and mortality.^[@B5],[@B11],[@B12]^ Despite the high disease burden and the availability of guidelines for the diagnosis and management of HAE,^[@B13]--[@B18]^ there are studies that indicate that many health care providers (HCP) may not be familiar with advances in the field, leading to frequent delays in diagnosis and variations in treatment practices worldwide.^[@B7],[@B19]--[@B21]^

With these challenges in mind, an expert panel was convened by Shire (Zug, Switzerland) to consider opportunities for improved practices that may benefit patients with HAE. The panel comprised 12 participants from Europe, North America, and South America, and included both HAE specialists and patient representatives. During the meeting, the participants considered and discussed the following three stages of the patient journey: (1) onset of symptoms and initial evaluation, (2) referral and diagnosis, and (3) management of HAE. Based on professional and personal experiences, the participants formulated schematics to describe the typical journey of patients through each of these stages and the different factors that influence key decisions. The participants then used these schematics as a basis for expert perspectives on areas in which the support of patients and HCPs could be optimized to complement current guidelines and help improve care for patients with HAE around the world. In this article, when considered relevant, key references supplement expert perspectives.

JOURNEY OF THE PATIENT WITH HAE
===============================

Stage 1: Onset of Symptoms and Initial Evaluation
-------------------------------------------------

HAE symptoms vary depending on the attack location. Cutaneous edema can cause disfigurement and interfere with activities of daily life, laryngeal edema can be life-threatening, and abdominal attacks can be severely painful and lead to vomiting and diarrhea.^[@B20],[@B22],[@B23]^ A prodromal phase may also precede some attacks, which can involve fatigue, malaise (uneasiness or lack of well-being), skin rash, or local discomfort.^[@B22],[@B24]^

In all cases, after symptom onset, the patient is responsible not only for the evaluation of his or her own medical status but also for the decision to seek medical advice. This self-evaluation may be affected by HAE attack frequency, severity, location, and course. In addition, the importance of the patient\'s personal circumstances should not be underestimated, including a family history of HAE. In an observational retrospective study in patients with HAE due to C1-INH deficiency, the majority of patients (87.5% \[*N* = 112\]) had a family history of angioedema, and 63.8% of the patients were diagnosed because they had an affected family member.^[@B25]^ For some patients, the family history is a motivating factor to seek medical advice because they have an awareness of the symptoms and their impact on daily life, whereas, for others it may encourage a "learn to live with it" attitude, with symptoms viewed as a normal family trait.

The personal experiences of a patient on the expert panel highlighted that a "learn to live with it" attitude may be impressed on children by their parents, which can be a particular concern given that children with HAE are heavily reliant on their parents to seek medical advice on their behalf. Other barriers to seeking medical advice can arise from previous negative experiences of the patient or his or her family, and may include denial and a perceived lack of treatment options. However, as treatments become more widely available, patients should be encouraged to be more proactive in seeking medical advice.

Before seeking medical advice, many patients check the Internet for information regarding their symptoms, which highlights the importance of the Internet as a primary information source. Equipped with this information, patients may then seek medical care from a primary care physician or a pediatrician. These patients often have no family history of HAE and have less-severe attacks. In contrast, patients with a family history of HAE are more likely to consult first with an HAE specialist. Alternatively, those with specific symptom profiles may visit a different type of specialist (allergy; ear, nose, and throat; or gastrointestinal), and those experiencing a laryngeal or particularly painful attack may receive initial medical advice in the emergency department (ED).

Although an international survey reported that 43% of 313 patients with HAE waited more than a year after their first attack before seeking medical advice, the time and number of physician visits subsequently required to achieve an accurate diagnosis are more concerning. Patients visited an average of 4.4 physicians before receiving an HAE diagnosis, 65% of patients initially received a misdiagnosis, and 24% of patients in Europe underwent unnecessary surgical procedures.^[@B21]^ Similarly, of 210 patients with HAE included in a Brazilian registry, 6.2% underwent unnecessary laparotomy.^[@B26]^ Moreover, an observational study conducted between 2009 and 2012 reported median delays of 8--21 years from symptom onset to diagnosis, depending on HAE type, in 150 European patients.^[@B27]^ National studies conducted between 2006 and 2012 in the United Kingdom (2010--2012),^[@B7]^ Denmark (2007--2009),^[@B28]^ France (2010),^[@B29]^ and Brazil (2006--2010),^[@B26]^ support average diagnostic delays within this range. Similarly, in the United States, a 2013 survey of 149 patients with HAE type I found that although a third of these patients received an HAE diagnosis within a year of HAE-related attacks, another third experienced a delay to diagnosis of \>10 years.^[@B30]^ These observations may reflect a lack of HAE awareness in the health care community.

The assessment of blood levels of C1-INH, C1-INH function, and C4 are used to confirm whether HAE is a potential diagnosis.^[@B13],[@B15]^ However, the time required to conduct these tests may render them impractical in the ED setting. In addition to the delay in treatment caused by waiting for the results of blood tests, there is a general lack of published HAE literature aimed at emergency physicians,^[@B31]^ and a U.K. survey indicated that many EDs are not well prepared to offer emergency treatments for patients with HAE.^[@B32]^ Therefore, even after seeking medical advice, there are definite shortcomings in the prompt and accurate diagnosis of HAE.

The points along a patient\'s journey through the onset of symptoms and early evaluation at which expert perspectives 1.1, 1.2. 1.3, and 1.4 apply are illustrated in [Fig. 1](#F1){ref-type="fig"}. Overall, this stage in the patient\'s journey highlights key challenges in ensuring that patients seek and receive appropriate medical advice on symptom onset. The following expert perspectives on approaches to raise awareness of HAE among patients and HCPs may be useful in addressing these challenges.
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### Expert Perspective 1.1: Individuals with a Family History of HAE Need Encouragement to Seek Medical Advice.

The development of HAE awareness campaigns, involving the close collaboration of HAE specialists and patient advocacy groups, may encourage individuals to seek medical advice. In addition, patients who already have an HAE diagnosis should be routinely informed of the possibility that other family members may be affected so that family members may be tested.

### Expert Perspective 1.2: Accurate and Useful Information on HAE Should Be Readily Available to Patients Search Searching the Internet.

It is important to ensure that information about HAE on the Internet is accurate, useful, and readily available. International and national HAE patient advocacy group Web sites (*e.g.*, International Patient Organization for C1 Inhibitor Deficiencies, [www.haei.org](http://www.haei.org), and The US Hereditary Angioedema Association,^[@B33]^ [www.haea.org](http://www.haea.org)) should be easy to identify and among the top search results when patients enter the keywords angioedema or angio-edema, angioedema expert or angio-edema expert, HAE, or swelling into Internet search engines or social networking sites.

### Expert Perspective 1.3: HCPs Should Be Informed of the Signs and Symptoms of HAE.

More education is needed to ensure that HCPs, particularly emergency physicians, are familiar with the signs and symptoms of HAE. Wider dissemination of algorithms directed toward primary care providers and emergency physicians would be helpful, including the U.S. consensus parameter for the evaluation and management of angioedema in the ED,^[@B34]^ and the European diagnostic and therapeutic approach to the management of angioedema in the ED.^[@B35]^ Algorithms should be translated into local languages and made available in every primary care practice and ED. At a more general level, angioedema research could be more widely published in journals targeted toward primary care and emergency physicians.

### Expert Perspective 1.4: Early Diagnosis Is Important.

Early diagnosis is critical, and research into the development of a quick and simple test to diagnose HAE in the ED setting may facilitate this. Currently, screening for low serum levels of C4 may be the most useful option, but, in the future, more rapid quantitative and qualitative measurements of C1-INH may provide a result within a few hours.

Stage 2: Referral/Diagnosis of HAE
----------------------------------

Patients with suspected HAE should be referred to a physician with an interest and expertise in the evaluation and treatment of HAE to confirm the diagnosis and provide education and support. However, for physicians who are unfamiliar with HAE, it is often unclear where to refer these patients. In some cases, patients are referred from the ED to primary care physicians. To compound this issue, depending on the hospital and/or country, patients may be referred to an allergist, a dermatologist, an immunologist, a hematologist, or a physician in another discipline, leading to difficulties in formulating global guidance.

However, upon appropriate referral, an HAE specialist can confirm the HAE diagnosis by using further blood tests for C4, C1-INH protein, and C1-INH function,^[@B13],[@B15]^ and a follow-up assessment of clinical features, including symptoms, family history, and age of onset. Genetic tests may be more accurate than serologic tests in children \< 1 year of age when there is identification of the disease-causing mutation in the affected parent.^[@B36]^ After a confirmed diagnosis, physicians can provide patients with further education and support on a broad range of concerns, including psychological issues, insurance, and access to health care. In addition, patients may proactively seek information from other patients, family members, physicians, the Internet, social networks, and patient advocacy groups. In addition to family support services, patient advocacy groups excel in connecting their membership to new developments in research and treatment options, educational and disease awareness tools, and, perhaps most importantly, to others who are living with the condition.

The follow-up care of patients with an HAE diagnosis potentially involves an extensive multidisciplinary team of HCPs, including primary care providers, dentists, and gynecologists. However, given the rarity of HAE, some members of the larger multidisciplinary team might not be familiar with the condition. The stages along a patient\'s journey through referral and diagnosis of HAE to which expert perspectives 2.1, 2.2, and 2.3 through referral and diagnosis of HAE is illustrated in [Fig. 2](#F2){ref-type="fig"}. In all cases, an appropriate referral is the pivotal step at this stage. This recommendation is reflected in the following expert perspectives, together with suggestions to ensure that a well-informed, multidisciplinary team supports these patients.

![The journey of the patient with hereditary angioedema (HAE): referral/diagnosis of HAE; 2.1, 2.2, and 2.3 refer to expert perspectives detailed in the text under the heading "Journey of the Patient with HAE" and subheading "Stage 2: Referral/Diagnosis of HAE." Exclamation marks indicate barriers to accessing appropriate treatment. C1-INH = C1 inhibitor.](arh0021601650002){#F2}

### Expert Perspective 2.1: HCPs Should Know Where to Refer Patients.

It is important that HCPs refer patients with suspected HAE to a physician with experience managing HAE. The wider dissemination of algorithms to guide HCPs in the referral of angioedema cases may be helpful in this regard, including the European diagnostic and therapeutic approach to the management of HAE in the ED,^[@B35]^ with local adaptations as necessary.

### Expert Perspective 2.2: All HCPs Involved in the Care of Patients with HAE Should Have Access to Education on This Condition.

Efforts to raise awareness of HAE within the health care community would benefit from the support of patient advocacy groups and patient representatives. More detailed coverage of rare conditions, *e.g.*, HAE, in medical training curricula and the wider dissemination of angioedema research in the scientific literature and at congresses attended by a range of HCPs could help to facilitate this.

### Expert Perspective 2.3: HAE Referral Centers Can Provide a Valuable Service.

The patient\'s journey through the stages identified may be greatly improved by the widespread establishment of national HAE referral centers. Such centers offer a range of services, including providing patients and HCPs with access to on-call HAE specialists, providing HCPs with information on the nearest local sites where patients can be referred, and supporting the dissemination of educational materials and algorithms to HCPs (including emergency physicians).

Stage 3: Management of HAE
--------------------------

Acute treatment is recommended for all patients experiencing HAE attacks and may include pharmacotherapy, airway management, and supportive therapy.^[@B15]^ When selecting pharmacotherapy, it is important to consider several factors, including patient characteristics, frequency and severity of HAE attacks, access to health care and on-demand treatment, patient preference, potential risks and benefits of treatment, and cost.^[@B37],[@B38]^ Published recommendations advise long-term prophylaxis for patients who are unresponsive to acute treatment, who lack fast access to on-demand treatment, suffer from at least one severe attack per month, or have had attacks that involved the larynx in the past.^[@B13],[@B39],[@B40]^ It is important to note that the availability and licensing of HAE treatments vary worldwide, and so the recommendation is to consult local prescribing information and guidelines.

Options recommended in published guidelines^[@B13]--[@B15],[@B17],[@B18]^ include C1-INH (C1 esterase inhibitor \[human\]^[@B41],[@B42]^), a kallikrein inhibitor (ecallantide^[@B43]^), or a bradykinin receptor antagonist (icatibant^[@B44]^). If these agents are unavailable, then solvent/detergent-treated plasma or frozen plasma may be appropriate,^[@B15]^ but some literature has suggested that these treatments may exacerbate attacks.^[@B13],[@B18]^ A further recommendation is to train patients to self-administer acute treatments to facilitate prompt administration.^[@B13],[@B15],[@B16],[@B45]^ Treatments with the option of self-administration have been welcomed and may improve quality of life and patient confidence in managing their HAE.^[@B46],[@B47]^ Self-administration has been associated with efficacy, safety, tolerability, and cost savings.^[@B46]--[@B49]^

In cases of angioedema in the upper airway, emergency physicians need to consider whether the situation is life-threatening and, if so, whether there is time for pharmacotherapy to be effective or if airway management is necessary. A compromise of the upper airway may warrant intubation or tracheotomy.^[@B15]^ In addition, in cases in which there is severe pain associated with the HAE attack, analgesia may be required.^[@B13],[@B15]^ However, current guidelines seem to lack detailed recommendations on the use of other supportive therapies.

Because physical trauma or emotional stress may trigger HAE attacks,^[@B26]^ short-term prophylaxis should be considered in patients before surgery, dental procedures, or in some cases, stressful life events. A recommendation of short-term, preprocedure prophylaxis is dependent on a patient\'s history and probable procedure-associated risk. If the patient experienced frequent or severe procedure-related angioedema in the past after a similar dental or invasive medical procedure, then short-term prophylaxis is recommended.^[@B15]^ Long-term prophylaxis may also be appropriate in some patients with severely symptomatic HAE for whom acute treatment is inadequate to minimize the symptoms associated with the condition, and when there is an expectation that treatment benefits will outweigh side effects.^[@B14],[@B15],[@B17],[@B18]^

Other factors to consider when deciding whether long-term prophylactic treatment is appropriate include patient characteristics, attack frequency and severity, patient quality of life, and treatment availability.^[@B15],[@B17],[@B18],[@B37],[@B38],[@B50]^ Nonetheless, the eligibility of patients for long-term prophylaxis may be difficult to establish. For example, the definition of an inadequate response to acute treatment remains unclear,^[@B14]^ and the requirement for long-term prophylaxis may change over time in individual patients,^[@B17],[@B18]^ such that it is not necessarily a lifelong need.

The points along a patient\'s journey through the HAE management pathway to which expert perspectives 3.1, 3.2. 3.3 and 3.4 apply through the management of HAE are illustrated in [Fig. 3](#F3){ref-type="fig"}. In line with the caveats detailed above, the following expert perspectives highlight the need for more data and guidance on the appropriate use of HAE treatments and also the need for patients to actively participate in the management of their condition, including decisions regarding the use of long-term prophylaxis.
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### Expert Perspective 3.1: Active Involvement of Patients in Decisions about Acute and Prophylactic Treatments Is Important.

All patients should be advised to visit an ED during a laryngeal attack, even in cases in which on-demand pharmacotherapy has been self-administered.^[@B13],[@B14]^ For other attacks, patients must proactively seek acute treatment as appropriate by taking into account their lifestyle, the severity and site of the attack, and the accessibility of treatment. Therefore, patients need to be well informed about the available treatment options and potential consequences of delayed administration. It is important that patients with HAE are involved in decisions about acute and prophylactic treatment, with counseling playing an important role.

### Expert Perspective 3.2: All Patients Require Access to On-Demand Pharmacotherapy.

On-demand treatment and HCP support need to be readily available to all patients experiencing an HAE attack.^[@B13]--[@B15],[@B17],[@B18]^

### Expert Perspective 3.3: When Appropriate, Patients Should Be Offered Training to Self-Administer Treatment.

When possible, patients and/or their family members should receive training to administer on-demand HAE treatment in the home to facilitate the prompt resolution of attacks (although medical assistance should always be sought for upper airway manifestations).^[@B13],[@B15],[@B16],[@B45],[@B51]^ With adequate training, most patients can learn the intravenous self-infusion technique (C1-INH) or learn how to inject themselves subcutaneously (icatibant).^[@B52],[@B53]^ Ecallantide is not approved for self-administration because of the risk of hypersensitivity reactions.^[@B43]^ However, there are programs that allow a patient to receive treatment in the home by a trained HCP. Subcutaneous formulations of two commercially available C1-INH concentrates for prophylactic treatment are currently being tested in clinical trials.^[@B52],[@B53]^ Self-administration is also an option for patients using prophylactic C1-INH and may allow these patients better control over their therapy while saving time and sparing public health resources. However, self-administration should only be pursued if considered appropriate after consultation with the relevant HCP.

### Expert Perspective 3.4: More Guidance Is Required on the Appropriate Use of Short- and Long-Term Prophylaxis.

More research, including health economics and quality-of-life studies, is needed to help guide the appropriate and effective use of short- and long-term prophylactic options. Specific guidance and the wider discussion of experiences within the health care community (*e.g.*, at congresses or through the publication of case reports) would also be helpful for patients and HCPs considering the use of long-term prophylaxis.

CONCLUSION
==========

It is possible to subdivide the journey of the patient with HAE into three stages: (1) onset of symptoms and initial evaluation, (2) referral and diagnosis, and (3) management of HAE, as summarized in [Fig. 4](#F4){ref-type="fig"}. We described expert perspectives about each of these stages. Overall, more detailed and widespread information on the diagnosis and management of HAE is needed, directed toward both patients and HCPs, particularly emergency physicians and primary care physicians. Further research to guide the appropriate use of acute and prophylactic treatments would also be helpful. These approaches could lead to advancements in care across the journey of the patient with HAE.
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